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Time-resolved Kerr rotation spectroscopy is used to monitor the room temperature electron
spin dynamics of optical telecommunication wavelength AlInGaAs multiple quantum wells lattice-
matched to InP. We found that electron spin coherence times and effective g-factors vary as a
function of aluminum concentration. The measured electron spin coherence times of these multiple
quantum wells, with wavelengths ranging from 1.26 µm to 1.53 µm, reach approximately 100 ps at
room temperature, and the measured electron effective g-factors are in the range from −2.3 to −1.1.
Recent developments in semiconductor-based spintron-
ics and quantum computation1,2 have generated intense
interest in examining the spin dynamics in a wide range
of semiconductor material systems at telecom wave-
lengths3,4,5,6 due to their potential applications in spin-
dependent optical modulators and switches for optical
telecommunications6,7,8,9. The optical wavelengths of
1.31 µm and 1.55 µm allow a minimum dispersion and
signal loss in standard silica-based fiber-optic networks.
Spin-dependent all-optical switching in semiconductor
quantum well etalons8 and spin-dependent ultrafast op-
tical gain modulation in microcavity lasers have been re-
cently demonstrated9. In addition, differential quantum
efficiency as high as 64% is attainable for all-epitaxially
grown telecom-wavelength vertical cavity surface emit-
ting lasers (VCSELs) with InP lattice-matched AlIn-
GaAs alloys for quantum well active regions and Al-
GaAsSb alloys for highly reflective distributed Bragg re-
flectors operating above room temperature10,11. The pos-
sibility of integrating laser sources, optical modulators,
and optical switches on a single photonic integrated chip
with added functionalities based on spin degrees of free-
dom makes AlInGaAs alloys ideal candidates for spin-
tronics.
In this letter, we present room temperature measure-
ments of the electron spin coherence times and effective
g-factors in AlInGaAs multiple quantum wells, which are
optimized active regions of VCSELs with wavelengths in
the range 1.26−1.53 µm designed for optical telecommu-
nication applications10,11. We characterize the samples
using photoluminescence and measure the electron spin
dynamics using pump-probe optical spectroscopy. The
electron effective g-factors and spin coherence times are
found to vary with aluminum alloy concentration from
−2.3 to −1.1 and from 50 ps to 100 ps, respectively.
Our samples are comprised of a set of quater-
nary alloy AlInGaAs multiple quantum wells grown
using digital alloy molecular beam epitaxy. These
samples are composed of digital alloys of ternaries
(Ga0.47In0.53As and Al0.48In0.52As, referred to as
GaInAs and AlInAs, respectively) lattice-matched
to InP10. The sample structure is of the form:
AlInAs/(AlIn)r(GaIn)1−rAs/5x[(AlIn)y(GaIn)1−yAs
FIG. 1: (Color) (a) Sample structure of multiple quantum
wells, where r = 0.75 and s = 0.82, and 5x signifies the growth
repetition. The average aluminum concentration of the quan-
tum wells and barriers are ρw and ρb, respectively. (b) Pho-
toluminescence spectra at room temperature. The vertical
arrows indicate the positions of the calculated effective band
gaps. The intensity of the PL spectra for Sample C and Sam-
ple D is scaled for clarity.
/(AlIn)x(GaIn)1−xAs]/(AlIn)y(GaIn)1−yAs/(AlIn)r
(GaIn)1−rAs/AlInAs/(AlIn)s(GaIn)1−sAs/AlInAs/InP
substrate, shown schematically in Fig.1(a). All samples
are undoped. The photoluminescence (PL) spectra of
these samples are excited non-resonantly with 2.5 mW
of 800 nm light from a tunable mode-locked Ti:sapphire
laser and measured using a liquid nitrogen cooled
InGaAs photodiode array detector [Fig. 1(b)]. The
PL peaks of the samples at room temperature occur
at 1.53 µm (Sample A), 1.34 µm (Sample B), 1.30
µm (Sample C), and 1.26 µm (Sample D), and the
corresponding energies are 0.811 eV, 0.925 eV, 0.954 eV,
2FIG. 2: (Color) Time-resolved Kerr rotation of Sample A
at room temperature for (a) B = 0 T, and (b) B = 0.6 T,
and Sample D for (c) B = 0 T, and (d) B = 0.6 T. Offset is
subtracted for clarity. Circles are measurements and lines are
fits using the expression for θ(∆t).
and 0.984 eV, respectively. The PL intensity decreases
with increasing aluminum concentration ρw due to Al
incorporated impurities, such as oxygen, and lower
confinement of the electron wave functions arising from
lower conduction band offsets. The PL spectrum of
Sample C consists of two broad peaks (1.28 µm and 1.30
µm), and the 1.28 µm peak might be due to impurity
broadening. We calculate the effective band gaps of
the quantum wells using a generalized fourteen-band
K · p envelope-function theory12,13, and the calculated
effective band gaps for Samples A-D are 1.55 µm, 1.35
µm, 1.30 µm, and 1.25 µm, respectively.
Time-resolved Kerr rotation (TRKR), an optical
pump-probe spectroscopic technique14, is used to probe
the electron spin dynamics. An optical parametric am-
plifier pumped by a regeneratively amplified Ti:sapphire
mode-locked laser produces ∼ 200 fs duration pump and
probe pulses tunable from 1.1 µm to 1.65 µm with a repe-
tition rate of 100 kHz, whose relative delay is adjusted by
a mechanical delay line. The helicity of the pump beam
for spin injection is modulated with a photoelastic mod-
ulator at 42 kHz, and the linearly polarized probe beam
for spin detection is mechanically chopped at a frequency
of 800 Hz. The pump and probe beams are focused to
a spot size of ∼ 50µm on the sample, which is mounted
between the two poles of an electro-magnet which pro-
vides a magnetic field B up to 0.6 T and perpendicular
to the direction of the pump and probe beams. The cir-
cularly polarized pump beam excites electron and hole
spins which precess at the Larmor frequency around the
FIG. 3: (Color) (a) Electron spin coherence time T ∗2 , and (b)
spin precession frequency νL as a function of magnetic field B
at room temperature. The corresponding lines are linear fits.
transverse applied magnetic field. The typical pump and
probe powers used in the measurements are 1 mW and
0.1 mW, respectively. The rotation of the linear polar-
ization axis of the probe beam is proportional to the net
electron spin polarization along the probe’s normal in-
cidence. Using a balanced photodiode bridge combined
with a lock-in detection technique, the electron spin pre-
cession is measured with subpicosecond temporal resolu-
tion14.
In Fig. 2, we show representative TRKR scans for
Sample A (8% Al) and Sample D (18% Al) at room tem-
perature with applied magnetic fields B = 0 T and B
= 0.6 T. The electron spin magnetization precesses in
the plane perpendicular to the applied magnetic field,
and the Kerr rotation angle as a function of time de-
lay ∆t can be described by an exponentially decaying
cosine: θ(∆t) = θo exp(−t/T
∗
2 ) cos(2piνL∆t), where θo is
the initial amplitude of the electron spin polarization, νL
is the Larmor precession frequency νL = g
∗µBB/h, where
g∗ is the effective in-plane electron g-factor of electrons
in the quantum wells, µB is the Bohr magneton, h is
Planck’s constant, and T ∗2 is the electron spin coherence
time. The data are fit by adjusting the parameters θo,
T ∗2 , and g
∗. The lack of additional frequency components
and the agreement of g∗ with the expected value15,16 for
electrons indicate that hole spin precession is not observ-
able.
The magnetic field dependence of T ∗2 at room temper-
ature for all four samples is plotted in Fig. 3(a). All the
samples exhibit weak magnetic field dependence. The
corresponding Larmor frequencies νL of all samples have
a linear magnetic field dependence [Fig. 3(b)], yielding
|g∗| = 2.31 (Sample A), |g∗| = 1.49 (Sample B), |g∗| =
1.47 (Sample C), and |g∗| = 1.07 (Sample D). Although
3FIG. 4: (Color) Electron effective g-factor g∗ (a), electron
spin coherence time T ∗2 for B = 0.6 T (b), and calculated T2
(c) as a function of ρw. Red crosses represent the calculated
T2 assuming µ = 2000 cm
2/Vs. n is electron density used in
the calculations. Line is guide to the eyes.
the sign of g∗ cannot be determined from our measure-
ments, the fact that bulk InAs has a large and negative
g-factor, while bulk AlAs has a small positive g-factor
indicates that g∗ is negative15,16. The electron effective
g-factor as a function of ρw at room temperature is plot-
ted in Fig. 4(a), showing g∗ increases with increasing ρw
consistent with the expected trends15,16.
The electron spin coherence time T ∗2 as a function of
ρw at room temperature with applied magnetic field B
= 0.6 T is displayed in Fig. 4(b). The measured electron
spin coherence times are in the range from 50 ps to 100
ps. T ∗2 increases with increasing ρw except for Sample
C. The observed nonlinear ρw dependence of T
∗
2 is due
to the combined effects of orbital scattering and internal
effective magnetic field in the quantum wells12,13.
Electron spin relaxation near room temperature is
dominated by the D’yakonov-Perel’ mechanism13,17, and
the spin relaxation rate is T−12 ∝ Ω
2τo, where Ω is the
momentum-dependent precession frequency about the in-
ternal effective magnetic field of the quantum wells and
τo is the orbital coherence time, which is proportional to
the electron mobility µ. As ρw increases, Ω increases due
to band structure effects on the effective internal mag-
netic field, causing T2 to decrease with increasing ρw. To
illustrate these effects, we calculate the spin coherence
times T2 as a function of ρw for Samples A-D assuming
a constant mobility for all samples using a generalized
14-band K · p envelope-function theory12,13,18, and the
results are shown in Fig. 4(c). However, the observed
trends in T ∗2 might be partly due to the nonlinear ρw de-
pendence of the electron mobility in these samples. As
ρw increase, τo decreases due to orbital scattering, caus-
ing T2 to increase with increasing ρw. Finally, imperfec-
tion in crystal growth may lead to structural inversion
asymmetry in the quantum wells, which generates an ad-
ditional internal effective magnetic field contributing to
electron spin decoherence12.
We have measured the electron spin coherence times
and electron spin precession frequencies in telecom-
wavelength quaternary multiple quantum wells and ob-
served the electron spin coherence times of ∼ 100 ps
at room temperature. Our measurements reveal that
the electron effective g-factor can be tuned by varying
the aluminum alloy concentration. These results demon-
strate the possibility of optical modulation using spin
manipulation in this material system.
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